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0929-6441/ª 2015, Elsevier Taiwan LLThere is an increase in the use of focused ultrasound (US) by physicians because it offers the
major benefit of reduction in time to diagnosis. Some of these physicians have received formal
training on focused US, others have not received any such training. However, among the formal
training given on focused US, there is inconsistency across the teaching protocols. This review
presents performances of focused US commonly performed by physicians, compared with radi-
ology US. The various teaching protocols are also discussed.
ª 2015, Elsevier Taiwan LLC and the Chinese Taipei Society of Ultrasound in Medicine.
Open access under CC BY-NC-ND license.Introduction
Nowadays, ultrasound (US) is widely used mainly because of
the many advantages it offers, such as its portability and
the absence of ionizing radiation. It is not only used in
radiology departments but also in critical care or emer-
gency departments by medical nonradiologists. For
example, surgeons have performed the focused assessment
with sonography for trauma (FAST) technique in patientsave no conflicts of interest to
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C and the Chinese Taipei Societywith trauma. The utilization of US by medical non-
radiologists has expanded to a variety of clinical settings.
Most of them are for specific purposes, called focused US,
targeted US, or point-of-care US, unlike radiology US, which
is a complete examination. This is the reason US is
increasingly being incorporated into the curriculum of
medical schools [1,2]. Although US is a part of the educa-
tional curriculum, the protocol for US education has been
inconsistent among medical schools. A prospective study in
2007 revealed that residents who received an introductory
US course and proctored US training had a significant
improvement in knowledge 6 months after the introductory
training course [3]. It has been accepted that US is a highly
operator-dependent technique. Although many institutions
have published their guidelines for physicians to perform US
in various clinical settings [4,5], most were made by
consensus, and not based on scientific studies.of Ultrasound in Medicine. Open access under CC BY-NC-ND license.
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commonly performed by medical nonradiologists as well as
its performance. We hope that the data presented herein
may provide guidance in establishing a training protocol for
physicians for each specific purpose.
Focused assessment with sonography for
trauma
FAST is the most common US study performed by emer-
gency physicians (EPs) [6]. Because it offers rapid evalua-
tion of trauma patients, it is now included in undergraduate
education in many countries [1]. In 1996, Ali et al [7] re-
ported that a focused trauma US workshop significantly
increased the ability of general surgeon residents and
attending staff to identify intraperitoneal fluid.
This workshop included lectures and hands-on teaching
of the skills using live patient models. FAST performed by
EPs yielded the following results: sensitivity, 86%; speci-
ficity, 99%; positive predictive value (PPV), 97%; negative
predictive value (NPV), 98%; and accuracy, 97% [8]. A pro-
spective study [9] compared the accuracy in diagnosing
abdominal free fluid using US between EPs and radiologists.
In that study, the specificity of ultrasonographic diagnosis
was found to be comparable between the two groups. A
recent systematic review recommended that a FAST course
should be at least 16 hours of duration, including the
following: 4 hours of theory, 4 hours of training on normal
human models, and 8 hours of learning using animal
models, case scenarios by video clips, or simulators [10].
Pneumothorax
Lung US has been included in the FAST courses, named as
the extended FAST, since 2004 [11]. Using computed to-
mography (CT) and thoracotomy tube placement as the
gold standard, lung US study for the detection of pneumo-
thorax performed by staff radiologists had a sensitivity of
77%, a specificity of 99.8%, a PPV of 98.5%, an NPV of 97%,
and an accuracy of 97.2% [12]. Similar accuracy was ach-
ieved for all these measures by EPs performing lung US
(sensitivity 86.2%, specificity 97.2%, PPV 89.3%, NPV 96.3%,
and accuracy 94.8%) [13]. The sensitivity of lung US was
much higher than chest radiograph, and the agreement in
determining the size of pneumothorax between US and CT
was very high [13]. In addition, US reduced the time for the
diagnosis of pneumothorax as compared with chest radio-
graph [13].
Biliary disease
An US study of the right upper quadrant (RUQ) of the
abdomen has been increasingly performed by EPs. Among
five urgent US targets (FAST, pleura, bladder, abdominal
aorta, and gallbladder), gallbladder US is the most difficult
to perform [14]. Previous studies have shown that emer-
gency department bedside ultrasonography (EUS) per-
formed by EPs had a good agreement with the radiologists
in detecting cholelithiasis; however, the EPs in these
studies had varying degrees of experience [15,16]. A pilotstudy by Jang et al [17] assessed resident-performed US of
the RUQ and concluded that 10 US examinations as a min-
imum standard for the training or credentialing of EPs
performing RUQ US examinations are not sufficient. Gaspari
et al [18] reported that 25 US examinations of the gall-
bladder were sufficient for evaluating clinicians’ compe-
tency. However, a prospective study from the United States
evaluated 1837 US examinations performed by residents
who had completed an introductory course on EUS. They
found that increasing number of examinations (up to 50)
only had a little effect on the accuracy of the diagnosis of
cholelithiasis and cholecystitis by EUS [19]. These authors
later reported the same accuracy in performing EUS be-
tween participants who completed a 2-week, EUS elective
course with 100 EUS examinations and those without the
EUS course who performed the same number of examina-
tions over a longer period [20].
Renal ultrasound
Although CT is the gold standard for detection of urolith-
iasis [21], renal US is still widely used. A recent study
evaluated bedside renal US performed by EPs and reported
a 76% sensitivity to detect hydronephrosis and a 90%
sensitivity for large stones (>4 mm) [22]. All the EPs in this
study were credentialed for renal US and had experience of
at least 25 prior renal US examinations [22]. By contrast,
Caronia et al [23] reported that the sensitivity and speci-
ficity of US for the detection of hydronephrosis performed
by internal medicine residents who had no US experience
were 94% and 93%, respectively, after only a 5-hour training
module.
Abdominal aortic aneurysm
The aorta is one of three easiest US targets (bladder, aorta,
and pleura) to examine [14]. In addition, aortic US is the
fastest investigation to perform [14]. A pilot study investi-
gated primary-care residents (PCRs) who performed US
screening for abdominal aortic aneurysm, and showed that
PCRs with no US experience who after receiving little
formal US training were able to rapidly learn the technique
of US imaging of the aorta with only five to 10 patient ex-
aminations [24].
Acute appendicitis
US for the diagnosis of acute appendicitis (AA) is still
commonly used, although CT has a higher diagnostic accu-
racy [25,26]. It has been proven that joint evaluation of the
results from clinical evaluation and US improved diagnostic
accuracy [27]. In addition, a diagnostic pathway using
routine US, limited CT, and clinical re-evaluation of pa-
tients suspected to be having AA can provide excellent re-
sults [28]. However, the operator dependence is the issue
of concern in this regard. A retrospective study in 1998
compared the diagnostic accuracy of appendiceal US per-
formed between unsupervised technicians and supervised
technicians, and found a significant lower sensitivity for US
performed by unsupervised technicians [29]. This result is
supported by another study that demonstrated that
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nonpediatric sonographers [30]. Surgeon-performed US for
the diagnosis of AA has been increasingly used but with a
wide range of reported accuracy [31,32]. According to a
systematic review, US diagnosis of AA performed by sur-
geons has a pool sensitivity of 92% and a pool specificity of
96% [33]. Another study compared the accuracy of appen-
diceal US performed by surgical residents who participated
in a 3-day introductory abdominal US course with that of
radiologists. The results showed comparable accuracy be-
tween the two groups [34]. This may be because radiolo-
gists commonly pay limited attention to clinical and
laboratory information than US findings when interpreting
radiology US, whereas surgeons compare US findings with
the clinical information obtained.
Deep vein thrombosis
Doppler US has now replaced contrast venography for the
diagnosis of deep vein thrombosis (DVT) with a sensitivity of
96% and specificity of 98% [35]. Caronia and colleagues [36]
found a time delay of 14.7 hours between the order of a
comprehensive US for DVT and the interpretation of its
results by a radiologist. In their study, residents trained in a
standard 2-hour course for DVT performed two-point
compression US for the diagnosis of DVT and showed a
sensitivity of 100% and a specificity of 97% at the common
femoral vein, with a slightly lower sensitivity for the
popliteal vein [36].
Intussusception
US is the first imaging modality for the diagnosis of pediatric
intussusception [37]. Riera et al [38] reported that pedi-
atric EPs who had performed 100e150 US examinations with
no experience in bowel US received 1-hour focused training
of intussusception US and were able to accurately diagnose
pediatric ileocolic intussusception.
Hypertrophic pyloric stenosis
A small case series in 2009 demonstrated a high diagnostic
performance of EP-performed US for the diagnosis of hy-
pertrophic pyloric stenosis [39]. Another study showed that
a surgeon with five proctored examinations had a high
diagnostic accuracy [40]. In addition, a recent prospective
article evaluated pediatric EPs-performed US, and reported
a sensitivity of 100% and a specificity of 100% [41].
Conclusion
Physician-performed US for specific purpose has become a
part of the physical examination. It has been increasingly
and rapidly expanded to various clinical settings. This
literature review revealed a wide variety of US training
protocols and their diagnostic performances. It should be
noted that the results of US depend on three factors,
namely, the operator’s experience, the quality and tech-
nology of the US machine, and the patient population. In
addition, sonographic learning skills and confidence varygreatly among trainees. Recommendations for initial
training to improve diagnostic capability should include
didactic lecture, hands-on training on live models, and
proctored scans on positive patients. The time required and
the number of proctored scans to achieve sufficient ability
may vary depending on the difficulty level of the US targets
as well as sonographic learning skills and confidence of the
operators.References
[1] The Medical Council of Thailand. Medical competency
assessment criteria for national license 2012. Nonthaburi,
Thailand: The Medical Council of Thailand; 2012.
[2] Hughes DR, Kube E, Gable BD, et al. The sonographic digital
portfolio: a longitudinal ultrasound image tracking program.
Crit Ultrasound J 2012;4:15.
[3] Noble VE, Nelson BP, Sutingco AN, et al. Assessment of
knowledge retention and the value of proctored ultrasound
exams after the introduction of an emergency ultrasound
curriculum. BMC Med Educ 2007;7:40.
[4] The Royal College of Radiologists. Ultrasound training rec-
ommendations for medical and surgical specialties. London:
The Royal College of Radiologists; 2005.
[5] Minimum training recommendations for the practice of med-
ical ultrasound. European Federation of Societies for Ultra-
sound in Medicine and Biology. Available from: http://www.
efsumb.org/guidelines/2009-04-04-14apx1.pdf. [accessed
20.12.14].
[6] Goodman TR, Scoutt LM, Brink JA. A survey of emergency
physician-performed ultrasound: implications for academic
radiology departments. J Am Coll Radiol 2011;8:631e4.
[7] Ali J, Rozycki GS, Campbell JP, et al. Trauma ultrasound
workshop improves physician detection of peritoneal and
pericardial fluid. J Surg Res 1996;63:275e9.
[8] Tsui CL, Fung HT, Chung KL, et al. Focused abdominal so-
nography for trauma in the emergency department for blunt
abdominal trauma. Int J Emerg Med 2008;1:183e7.
[9] Tajoddini S, Vahdati SS. Ultrasonographic diagnosis of
abdominal free fluid: accuracy comparison of emergency
physicians and radiologists. Eur J Trauma Emerg Surg 2013;39:
9e13.
[10] Mohammad A, Hefny AF, Abu-Zidan FM. Focused assessment
sonography for trauma (FAST) training: a systematic review.
World J Surg 2014;38:1009e18.
[11] Gillman LM, Ball CG, Panebianco N, et al. Clinician performed
resuscitative ultrasonography for the initial evaluation and
resuscitation of trauma. Scand J Trauma Resusc Emerg Med
2009;17:34.
[12] Ianniello S, Di Giacomo V, Sessa B, et al. First-line sonographic
diagnosis of pneumothorax in major trauma: accuracy of e-
FAST and comparison with multidetector computed tomogra-
phy. Radiol Med 2014;119:674e80.
[13] Zhang M, Liu ZH, Yang JX, et al. Rapid detection of pneumo-
thorax by ultrasonography in patients with multiple trauma.
Crit Care 2006;10:R112.
[14] Cazes N, Desmots F, Geffroy Y, et al. Emergency ultrasound: a
prospective study on sufficient adequate training for military
doctors. Diagn Interv Imaging 2013;94:1109e15.
[15] Rosen CL, Brown DF, Chang Y, et al. Ultrasonography by
emergency physicians in patients with suspected cholecys-
titis. Am J Emerg Med 2001;19:32e6.
[16] Summers SM, Scruggs W, Menchine MD, et al. A prospective
evaluation of emergency department bedside ultrasonography
for the detection of acute cholecystitis. Ann Emerg Med 2010;
56:114e22.
70 S. Limchareon, W. Jaidee[17] Jang T, Aubin C, Naunheim R. Minimum training for right upper
quadrant ultrasonography. Am J Emerg Med 2004;22:439e43.
[18] Gaspari RJ, Dickman E, Blehar D. Learning curve of bedside
ultrasound of the gallbladder. J Emerg Med 2009;37:51e6.
[19] Jang TB, Ruggeri W, Dyne P, et al. The learning curve of resi-
dent physicians using emergency ultrasonography for choleli-
thiasis and cholecystitis. Acad Emerg Med 2010;17:1247e52.
[20] Jang TB, Ruggeri W, Kaji AH. Emergency ultrasound of the gall
bladder: comparison of a concentrated elective experience
vs. longitudinal exposure during residency. J Emerg Med 2013;
44:198e203.
[21] Sheafor DH, Hertzberg BS, Freed KS, et al. Nonenhanced he-
lical CT and US in the emergency evaluation of patients with
renal colic: prospective comparison. Radiology 2000;217:
792e7.
[22] Moak JH, Lyons MS, Lindsell CJ. Bedside renal ultrasound in
the evaluation of suspected ureterolithiasis. Am J Emerg Med
2012;30:218e21.
[23] Caronia J, Panagopoulos G, Devita M, et al. Focused renal
sonography performed and interpreted by internal medicine
residents. J Ultrasound Med 2013;32:2007e12.
[24] Bailey RP, Ault M, Greengold NL, et al. Ultrasonography per-
formed by primary care residents for abdominal aortic aneu-
rysm screening. J Gen Intern Med 2001;16:845e9.
[25] Sivit CJ, Applegate KE, Stallion A, et al. Imaging evaluation of
suspected appendicitis in a pediatric population: effective-
ness of sonography versus CT. AJR Am J Roentgenol 2000;175:
977e80.
[26] Kaiser S, Frenckner B, Jorulf HK. Suspected appendicitis in
children: US and CTda prospective randomized study. Radi-
ology 2002;223:633e8.
[27] Zielke A, Hasse C, Sitter H, et al. “Surgical” ultrasound in
suspected acute appendicitis. Surg Endosc 1997;11:362e5.
[28] Toorenvliet BR, Wiersma F, Bakker RF, et al. Routine ultra-
sound and limited computed tomography for the diagnosis of
acute appendicitis. World J Surg 2010;34:2278e85.
[29] Pohl D, Golub R, Schwartz GE, et al. Appendiceal ultraso-
nography performed by nonradiologists: does it help in the
diagnostic process? J Ultrasound Med 1998;17:217e21.
[30] Trout AT, Sanchez R, Ladino-Torres MF, et al. A critical eval-
uation of US for the diagnosis of pediatric acute appendicitisin a real-life setting: how can we improve the diagnostic value
of sonography? Pediatr Radiol 2012;42:813e23.
[31] Lam SH, Grippo A, Kerwin C, et al. Bedside ultrasonography
as an adjunct to routine evaluation of acute appendicitis in
the emergency department. West J Emerg Med 2014;15:
808e15.
[32] Sivitz AB, Cohen SG, Tejani C. Evaluation of acute appendicitis
by pediatric emergency physician sonography. Ann Emerg Med
2014;64:358e64. e4.
[33] Carroll PJ, Gibson D, El-Faedy O, et al. Surgeon-performed
ultrasound at the bedside for the detection of appendicitis
and gallstones: systematic review and meta-analysis. Am J
Surg 2013;205:102e8.
[34] Burford JM, Dassinger MS, Smith SD. Surgeon-performed ul-
trasound as a diagnostic tool in appendicitis. J Pediatr Surg
2011;46:1115e20.
[35] Goodacre S, Sampson F, Thomas S, et al. Systematic review
and meta-analysis of the diagnostic accuracy of ultrasonog-
raphy for deep vein thrombosis. BMC Med Imaging 2005;5:6.
[36] Caronia J, Sarzynski A, Tofighi B, et al. Resident performed
two-point compression ultrasound is inadequate for diagnosis
of deep vein thrombosis in the critically ill. J Thromb
Thrombolysis 2014;37:298e302.
[37] Hryhorczuk AL, Strouse PJ. Validation of US as a first-line
diagnostic test for assessment of pediatric ileocolic intussus-
ception. Pediatr Radiol 2009;39:1075e9.
[38] Riera A, Hsiao AL, Langhan ML, et al. Diagnosis of intussus-
ception by physician novice sonographers in the emergency
department. Ann Emerg Med 2012;60:264e8.
[39] Malcom 3rd GE, Raio CC, Del Rios M, et al. Feasibility of
emergency physician diagnosis of hypertrophic pyloric steno-
sis using point-of-care ultrasound: a multi-center case series.
J Emerg Med 2009;37:283e6.
[40] McVay MR, Copeland DR, McMahon LE, et al. Surgeon-per-
formed ultrasound for diagnosis of pyloric stenosis is accurate,
reproducible, and clinically valuable. J Pediatr Surg 2009;44:
169e72.
[41] Sivitz AB, Tejani C, Cohen SG. Evaluation of hypertrophic
pyloric stenosis by pediatric emergency physician sonography.
Acad Emerg Med 2013;20:646e51.
